Background and Purpose-The mechanisms of immune reaction involved in the pathogenesis and clinical course of acute vascular incidents are still not completely understood. The aim of this study was to examine the presence of immune complexes (IC) in the acute stroke setting and the first month thereafter and to characterize IC by analyzing the contents of chlamydial lipopolysaccharide and anti-cytomegalovirus (CMV) antibodies in IC. Methods-Serum concentration of IC was investigated in 179 stroke patients, 122 "old" controls and 112 "young" controls, by the precipitation method. The presence of chlamydial lipopolisaccharyde and anti-CMV antibodies was investigated in some IC preparations by the ELISA method after earlier dissociation of IC into components by high pH treatment. Results-Significantly increased serum IC concentration in stroke patients was noticed. Increased serum IC concentration was revealed as an independent strong stroke risk factor and was connected with significantly worse neurological status and increased 30-day mortality rate. A significantly larger proportion of stroke patients than controls had Chlamydia pneumoniae antigen and anti-CMV antibodies in IC. 
T he mechanisms of immune reaction involved in atherogenesis and acute vascular incidents have been studied extensively during recent years but are still not completely understood. The role of immune complexes (IC) in vessel pathology was evidenced in animal studies. Deposition of IC in the vessel wall of heteroimmunized animals was accompanied by (1) complement system activation and enhanced degranulation of basophils, (2) increased proliferation of smooth muscle cells and elevated synthesis of glucoseaminoglycans and collagen fibers, and (3) enhanced infiltration of monocytes and lymphocytes from peripheral blood to the arterial wall. 1, 2 The role of IC in atherosclerotic responsiveness increases with age. 3 The role of IC has also been supported in human atherogenesis. 4 -6 The most likely reason for enhanced IC formation accompanying atherosclerosis in humans seems to be cholesterol, 6, 7 especially low-density lipoproteins (LDL). 8, 9 Antigens of infectious agents may be also considered as a possible trigger of increased IC. So far, cytomegalovirus (CMV), Chlamydia pneumoniae, and Helicobacter pylori have been documented as being strongly implicated in human atherosclerosis. In the study of Saikku et al. 10 (the Helsinki Heart Study), the presence of IC containing chlamydial LPS (lipopolysaccharide) was an independent risk factor for development of cardiovascular events and allowed for predicting the coronary event 3 to 6 months before the onset. The presence of IC containing chlamydial LPS was documented in patients with myocardial infarction and coronary heart disease 11, 12 The potential importance of increased IC formation after acute stroke has not been widely described. Although the role of immune response after stroke has been evidenced by many investigators, most studies have been focused on the activation of cellular immunity resulting from brain ischemia and associated with worse poststroke prognosis. [13] [14] [15] [16] [17] [18] The aim of this study was to (1) examine serum levels of IC in the acute stroke setting and the first month thereafter, (2) characterize IC by analyzing the contents of chlamydial LPS and anti-CMV antibodies in IC, and (3) study the association of serum IC with stroke risk and prognosis.
Subjects
Between January 1998 and March 1999 we studied patients with ischemic stroke (IS) consecutively admitted to our department of neurology within 24 hours after onset. CT imaging, Doppler sonography, echocardiography, and basal laboratory tests confirmed the diagnosis, established on the basis of history and examination.
Patients with vasculitis, cancer, acute infectious symptoms preceding stroke onset (fever, cough, hoarseness, sore throat, bronchitis, pharyngitis, arthritis, chills), gynecologic or urologic diseases, auto-immunologic disorders, and severe renal and hepatic diseases and those who developed hospital infection were excluded from investigations. The information concerning stroke risk factors and clinical data were collected prospectively according to the Stroke Data Bank (SDB), National Institutes of Health protocol, 19 with some minor modifications. According to the Stroke Data Bank, etiologic subtypes of cerebrovascular ischemia were classified as followed: (1) infarct due to atheromatosis in extra-and intracerebral vessels, (2) embolism from the cardiac source, (3) lacunar infarct, and (4) infarct of unknown etiology. The Scandinavian Stroke Scale was used to assess patients' neurological status (at the 1st, 7th, and 30th day after stroke occurrence). The 30-day stroke fatality rate was also calculated.
Two control groups, "old" and "young," free of clinical signs of infection, other systemic diseases, and IS in history were included in the investigation. No special studies have been performed to assess the progress of atherosclerotic process in patients' groups. The local Ethical Comittee approved the study.
Methods

Blood Sampling and Laboratory Procedures
Venous blood samples were obtained from stroke patients within 24 hours and at 7 and 30 days after the onset; samples were obtained once from control subjects. Serum was stored at Ϫ70°C until analysis.
Glucose concentration and total cholesterol, LDL, high-density cholesterol, and triglyceride levels were measured by Abbott Spectrum. Circulating IC were precipitated with the use of 5% polyethylene glycol (PEG) (FERAK Laboratories GMBH Berlin) according to the method of Creighton et al, 20 with some minor modifications. Briefly, 0.3 mL of the sample was added to the 6 mL of 5% PEG in sodium borate buffer, pH 8.4, and incubated overnight at 4°C; next, centrifugation at 2500 rpm for 20 minutes at 4°C was performed. Pellets were washed twice with 3.5% PEG and dissolved with 0.3 mL of distilled H 2 O with the addition of 2.7 mL of 0.1 mol/L NaOH. The blind sample consisted of 0.3 mL of H 2 O distillated and 2.7 mL of 0.1 mol/L NaOH. Extinction was measured on a spectrophotometer at 280 nm. Results were expressed as OD 280 values and considered positive when they exceeded the geometric mean OD 280 value (calculated from the log-transformed distribution) in the young control group. Serum concentrations of IC were determined in 179 patients with IS, 122 old controls, and 112 young controls.
To investigate the species specificity of isolated IC, pellets obtained after PEG precipitation were resuspended in 100 L of 0.1 mol/L sodium borate, pH 10.2. This dissociated IC into its components, which could be analyzed by ELISA for Chlamydia antigen (LPS) and anti-CMV antibodies. 21 The analysis of chlamydial LPS contents in IC (isolated from the sera obtained within the first 24 hours after stoke onset) was performed in 44 patients, 75 old controls, and 56 young controls (subjects recruited from the group of patients with increased values of serum IC concentrations have been included into the study). The presence of chlamydial LPS in IC was investigated with the use of an ELISA Kit (DAKO) (two wells were used to get a mean value for a serum sample). Absorbance at 492 nm was measured on a Stat-Fax 2100 microplate reader (Awareness Technology Inc). The results were expressed as OD 492 values and scored positive when they exceeded the geometric mean value (calculated from the logtransformed distribution) noticed in young controls (0.393).
The content of IC for anti-CMV antibodies was investigated in 56 stroke patients (within the first 24 hours after onset), 53 old controls, and 57 young controls (the subjects' qualifications for this study were performed in a similar manner as in the case of the "Chlamydial" group). The Vironostica anti-CMV II Kit (Organon Teknika) was used in that investigation (two wells were used to get a mean for a serum sample). Absorbance at 450 nm was measured on a Stat-Fax 2100 microplate reader (Awareness Technology Inc). The results were expressed as mean OD 450 values and considered reactive if the sample absorbance was greater than the mean value noticed in young controls (0.395).
Statistical Analysis
Statistical analysis was carried out with the STATISTICA PL. OD values representing serum concentrations of IC and the presence of chlamydial LPS in IC had distributions with a marked positive skew and were log transformed throughout. Serum IC level was analyzed both as a categorical variable (quintiles) and as a continuous variable. Student's t test, Mann-Whitney U test, and Wilcoxon's test were applied to assess significant differences of continuous variables among groups. For frequency distribution proportional testslikelihood ratio, 2 was performed. Spearman's correlation test was used to study correlations between continuous variables. Age, hypertension, smoking, atrial fibrillation, congestive heart failure, myocardial infarction, and serum IC were investigated as predictors of stroke incidence using multiple regression techniques. The association between incident of stroke and serum levels of IC was investigated using logistic regression in STATISTICA. Similar logistic regression model was applied in analysis of the association of C pneumoniae-specific and CMV-specific IC with the risk of IS incidence.
Results
We examined 179 patients with IS: 88 men and 91 women, with mean age of 74 (range, 42 to 97) years. The old control group consisted of 56 men and 66 women, with mean age 66 (range, 54 to 91) years. A characteristic of risk factors profile in stroke patients and old controls is presented in Table 1 . The young control group comprised 112 individuals: 45 men and 67 women, with mean age of 35 years (range, 19 to 41) years.
Serum IC Concentrations in Stroke
As compared with controls, significantly elevated serum IC concentrations were noticed in stroke patients within 24 hours and at days 7 and 30 after onset. The highest level of serum IC was observed within the first 24 hours after stroke (Figure) .
A significantly higher percentage of stroke patients were IC positive when compared with old and young controls ( Table 2) . Multiple logistic analyses revealed increased serum IC concentration as an independent stroke risk factor (Table  3 ). There was a strong trend for increasing risk of IS incidence with increasing serum levels of IC (Table 4) .
There was no significant difference in total cholesterol and LDL levels between patients with increased versus normal 
Serum IC Concentration and Stroke Subtypes
In our group of patients, 31.3% (95% CI, 24.5 to 38.1) had atherothrombotic stroke, 21.2% (95% CI, 15.2 to 27.2) had lacunar stroke, 20.1% (95% CI, 14.2 to 26.0) had cardioembolic stroke, and 27.4% (95% CI, 20.8 to 34.9) had stroke of unknown etiology. We did not observe any differences in the levels of serum IC in respective groups with different etiologic stroke subtypes ( Table 5 ).
The Species Specificity of Isolated IC
A significantly larger percentage of stroke patients than old and young controls had chlamydial LPS and anti-CMV antibodies in IC (Table 6 ). In the group of patients with chlamydial LPS in IC, more frequent history of atrial fibrillation (32% versus 0%, respectively; PϽ0.01) and previous stroke (24% versus 5.3%, respectively; PϽ0.05) was noticed when compared with patients without chlamydial LPS in IC. Patients with anti-CMV antibodies in IC more often presented earlier transient ischemic attack incidence (9.3% versus 0%, respectively; NS).
Increased levels of serum IC C pneumoniae-specific and CMV-specific IC were connected with increased risk of stroke incidence (odds ratio, 6.00; 95% CI, 1.61 to 22.29; Pϭ0.0079; odds ratio, 7.60; 95% CI, 3.21 to 17.96; Pϭ0.00001, respectively).
Discussion
We demonstrated significantly increased serum IC concentrations at every time point of the study. The greatest increase in serum level of IC was noticed within the period from 24 hours to 7 days after stroke. Statistically significant differ- ences were noticed in serum IC between patients and both groups of controls.
The difference in serum IC between patients and controls could be regarded as being a result of the older age of patients rather than of stroke incidence. However, firstly, no significant difference in serum IC concentration has been noticed between young and old controls; secondly, serum IC dropped continuously from 24 hours to 30 days, approaching levels noticed in controls. It is difficult to ultimately establish the reason for increased serum IC in stroke. When considering the lack of differences between serum levels of IC among different stroke subtypes and the continuous drop in IC concentration from 24 hours to 30 days, nearly approaching values noticed in old controls, it seems that elevated IC concentrations are a result of an event that occurs at the time of or just prior to the acute stroke.
The observation of the mostly increased serum IC concentration within the first 24 hours after onset and persisting until day 7 could be considered as representing an immune response to an acute infection directly preceding stroke. However, such explanation seems to be of minimal probability. All patients with acute infection symptoms preceding stroke onset (fever, cough, hoarseness, sore throat, bronchitis, pharyngitis, arthritis, chills) and those who developed infection during hospitalization were excluded from investigations.
Three other possibilities could be considered to explain enhanced IC formation observed shortly after stroke. One is neuronal injury accompanying stroke and stimulating increased IC formation. The second is liberation of antigens from damaged areas of brain vasculature into circulation. Two recent publications confirmed the presence of C pneumoniae in cerebral vessels. Virok et al 22 detected the presence of C pneumoniae DNA in 33% of the atherosclerotic middle cerebral arteries. Nadareishvili et al 23 noticed the presence of C pneumoniae in carotid aterosclerotic plaque. So it seems possible that elevated serum levels of IC, observed in our study, could be a result of liberation of chlamydial antigens into circulation from the damaged areas of vasculature. It cannot be excluded that IC of any other specificity could also arise as a consequence of a similar mechanism. The third possibility exists as a potential explanation of increased IC levels noticed shortly after stroke: silent exacerbation of a chronic infection directly preceding onset of symptoms. Because we could not exclude that the increased IC formation observed in our study directly precedes IS incidence, we included values of serum IC measured within 24 hours after IS into regression analysis, which revealed increased serum IC as a strong independent risk factor for IS. Increased serum levels of C pneumoniae-specific and CMV-specific IC were also connected with increased risk of stroke incidence. Nadareishvili et al 23 suggest that the presence of C pneumoniae could modify the immune system in atherosclerotic plaque leading to plaque destabilization. In their study, a strong association between the presence of C pneumoniae and the accumulation of T lymphocytes (CD4 ϩ and CD8 ϩ ) was noticed in symptomatic versus asymptomatic patients. 23 It could not be excluded that infection by C pneumoniae could also maintain destabilization of atherosclerotic plaque by induction of increased deposition of IC in atherosclerotic vessels. However, we did not study serum levels of IC before stroke incidence; therefore, the role of chronic process influence on increased IC formation is only hypothetic.
A significant part of isolated IC contained antigens of infectious agents: C pneumoniae and CMV. However, the possibility could not be excluded that increased IC formation could be triggered by other antigens, for example, antigens of endothelial cells, cardiolipins, heat shock proteins (HSP), or oxidatively modified LDL. In previous studies, we observed significantly elevated serum levels of anti-heat shock proteins and anti-cardiolipin antibodies in stroke patients during the first 48 hours after onset. 24, 25 Our observation of a correlation between serum IC and total cholesterol and LDL levels in the group of patients with increased serum IC concentration could suggest that cholesterol or LDL could also trigger enhanced IC formation in stroke. The presence of IC containing cholesterol has been observed in patients with hypercholesterolemia (it was accompanied by significant increase of sC5b-9 and increase of soluble intercellular adhesion molecule-1 as a sign of endothelial dysfunction), atherosclerosis, and coronary stenosis. 6, 7 One of the important findings of our study, which deserves special comment, seems to be the first evidence of worse mean neurological status and higher 30-day mortality rate in patients with elevated IC. Different hypotheses could be created to explain the influence of increased IC formation on the clinical course of IS. It is possible that increased IC formation after stroke could contribute to the enhanced postischemic brain tissue damage by complement system activation, with subsequent recruitment and stimulation of inflammatory cells such as neutrophils and macrophages within the ischemic area. 6 The second mechanism of IC action enhancing postischemic brain tissue damage could be an upregulation of interleukin (IL)-8. IL-8 is a potent chemoattractant produced by mononuclear cells that is involved in polymorphonuclear neutraphil recruitment and activation. Upregulation of IL-8 mRNA expression was noticed already within the first few days after onset of stroke symptoms and remained elevated for up to 1 month. 26 A limitation of this study is the method that has been used to measure serum IC concentration. The increase in optical density measured in our PEG preparates could be regarded as an evidence of methodological artifact due to the use of a common reagent (PEG-6000). It is possible that IC established only a part of the precipitates obtained after serum PEG treatment, but it seems impossible that more/less artifacts were pelleted in the sera obtained on the first, 7th, or 30th day after stroke onset. The evidence of IC contents in precipitates obtained after serum PEG treatment could be detection of chlamydial LPS and anti-CMV antibodies in dissolved pellets.
Our study demonstrates an association of increased serum IC with stroke incidence. We provided the first evidence of increased serum IC concentration influence on the clinical outcome of cerebral ischemia. We partially characterized isolated IC and documented the C pneumoniae and CMV specificity of IC. That observation further implicates C pneumoniae and CMV with the occurrence of stroke. Further investigations are needed to explain the mechanisms of IC action in stroke pathogenesis and course, taking into consideration the induction of proinflammatory cytokines and the participation of IC in complement system activation observed in acute vascular incidents.
